Device for heating and/or air-conditioning the 
passenger compartment of a motor vehicle 

Field of the invention 

5 The invention relates to a device for heating 

and/or air-conditioning the passenger compartment of a 
motor vehicle including a main heating loop and a top- 
up heating loop. 

10 Background of the invention 

Such devices are known, and comprise an engine- 
cooling loop in which a heat-carrying fluid circulates 
which takes up heat from the engine and which gives it 
back to an air heater, a heat -pump loop in which a 

15 refrigerant fluid circulates, this loop containing a 
compressor, an evaporator constituting a cold source of 
the heat pump at which the refrigerant fluid takes up 
heat from the surroundings, and a condenser 
constituting a hot source of the heat pump at which the 

20 refrigerant fluid gives up heat, the condenser being 
integrated into the engine-cooling loop upstream of the 
air heater. 

In motor vehicles, whether they are internal- 
combust ion- engine , electric or other vehicles, the main 

25 heating of the passenger compartment is carried out by 
means of an engine -cooling loop which takes up heat 
from the engine and transfers it to a heat exchanger, 
called air heater, swept by an airflow which is 
directed into the passenger compartment . 

3 0 However, it can happen that this heating proves 

to be insufficient, for example if the outside 
temperature is particularly low. This comes about, more 
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particularly, when the vehicle is equipped with a 
modern, high-efficiency engine in which the thermal 
losses are low, which does not allow a sufficient 
quantity of heat to be extracted from it. 
5 It is for this reason that it is known to equip 

motor vehicles with supplementary heating, which makes 
it possible to contribute supplementary heating to the 
passenger compartment in situations in which the main 
heating proves to be insufficient. 

10 Auxiliary-heating boilers are known, which are 

integrated into the cooling circuit upstream of the air 
heater. This makes it possible to increase the 
temperature of the engine -cooling liquid upstream of 
the air heater, and consequently the temperature of the 

15 airflow delivered by the latter. The drawback of such a 
device is that the temperature of the cooling liquid is 
also increased upstream of the engine. Consequently, 
the quantity of heat extracted from the engine reduces. 
This reduction has to be compensated for by the boiler, 

2 0 which reduces the quantity of additional heat available 

for heating the passenger compartment. The energy 
efficiency of such a device is therefore hardly 
satisfactory. 

The Japanese document JP 10-76837 (Calsonic) 
25 describes a device for heating the passenger 
compartment of a motor vehicle including a cooling 
circuit with which is associated a supplementary- 
heating circuit which forms a heat pump, by virtue of 
which heat is taken up at a cold source by evaporation 

3 0 of a fluid in an evaporator, and this heat is 

transferred to a hot source by condensation of the same 
fluid in a condenser. A heat exchanger constituting the 
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cold source of the heat pump is integrated into the 
cooling circuit upstream of the engine, and a heat 
exchanger constituting the hot source of the heat pump 
is integrated into this same circuit upstream of the 
5 air heater. The refrigerant fluid of the heat-pump loop 
gives up heat to the heat -carrying fluid upstream of 
the air heater. 

In such a device, the temperature of the heat- 
carrying fluid of the cooling circuit is not increased 
10 at the inlet to the engine. In contrast, it is lowered 
by the take-up of heat at the cold source of the heat 
pump. That being so, the quantity of heat extracted 
from the engine is not reduced, but increased. The 
energy efficiency of the top-up heating is markedly 
15 enhanced by comparison with a device such as the one 
which was described previously. 

However, this device exhibits several drawbacks. 
On the one hand, it does not allow cooling of the 
passenger compartment in the case of a high outside 
20 temperature. Moreover, the heat taken up from the 
cooling circuit, in heating the refrigerant fluid of 
the heat pump, can lead to an inadmissible intake 
pressure for the compressor, which can lead to it being 
destroyed. 

25 The object of the invention is especially to 

remedy these drawbacks. It proposes a heating and/or 
air-conditioning device which makes it possible to cool 
the passenger compartment in the event of high outside 
heat. Moreover, this device makes it possible to 

30 control the pressure of the fluid in the heat-pump loop 
at the inlet to the compressor. 
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Summary of the invention 

To that end, the heating device of the invention 
includes a device for heating and/or air-conditioning 
the passenger compartment of a motor vehicle, 
5 comprising an engine -cooling loop in which a heat- 
carrying fluid circulates for taking up heat from the 
engine and returning the heat to an air heater; a heat- 
pump loop in which a refrigerant fluid circulates, this 
loop containing a compressor, an evaporator 

10 constituting a cold source of the heat pump at which 
the refrigerant fluid takes up heat from the 
surroundings, and a condenser constituting a hot source 
of the heat pump at which the refrigerant fluid gives 
up heat, the condenser being integrated into the 

15 engine-cooling loop upstream of the air heater, the 
device further comprising an air-conditioning branch 
containing a condenser and an evaporator, the air- 
conditioning branch an upstream end connected to the 
heat -pump loop downstream of the compressor, and a 

20 downstream end connected to the heat -pump loop upstream 
of the compressor, and a switching device making it 
possible to make the refrigerant fluid circulate either 
in the heat -pump loop, or in the heat -pump branch, in 
such a way as to form a heat -pump loop. 

25 Thus, the device can function according to at 

least three different modes. In a first mode, 
corresponding to a moderate outside temperature, the 
engine -cooling loop operates alone. In a second mode, 
corresponding to a harsher outside temperature or to 

3 0 the starting of the vehicle, the engine -cooling loop 
and the heat -pump loop operate simultaneously. Finally, 
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in a third mode, corresponding to a high outside 
temperature, only the air-conditioning loop operates. 

In one particular embodiment, the evaporator is 
integrated into the cooling loop, upstream of the 
5 engine . 

In another embodiment, the evaporator takes up 
heat from surroundings external to the engine -cooling 
circuit . 

According to an important provision of the 

10 invention, the cooling loop includes control means, for 
example at least one valve, which make it possible to 
control the quantity of heat -carrying fluid which 
passes through the evaporator. 

Likewise, the cooling loop includes control 

15 means, for example at least one valve, which make it 
possible to control the quantity of heat-carrying fluid 
which passes through the condenser. 

The air-conditioning branch preferably includes 
a refrigerant-fluid accumulator. The evaporator 

20 advantageously constitutes a refrigerant -fluid 
accumulator common to the air-conditioning loop and to 
the heat -pump loop. 

According to another embodiment, the heating 
device includes a modular casing containing the 

25 evaporator, the control means of the evaporator, the 
ant i- return valve, the condenser, the control means of 
the condenser, the switching means and the pressure- 
reduction means of the heat-pump loop. 
Brief description of the drawings 

30 Other characteristics and advantages of the 

present invention will emerge further on reading the 
description which follows of embodiment examples given 
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by way of illustration by reference to the attached 
figures . 

In the figures: 

- Figure 1 is a diagrammatic view of a device 
5 according to a first embodiment; 

- Figure 2 is a diagrammatic view of a device 
according to a variant of the first embodiment; and 

- Figure 3 represents a second embodiment of the 
invention in which the device is contained in a modular 

10 casing. 

Description of the preferred embodiments 

In the various figures, like reference numerals 
indicate like parts. 
15 a first embodiment of the invention has been 

re p rese nted in Figure 1. A motor vehicle includes a 
motor 2. In this example, the motor 2 is an internal- 
combustion engine, but it could also be a motor of 
another type, such as an electric motor. 
20 Conventionally, the engine 2 is cooled by a cooling 
loop 4 which allows for the main heating of the 
passenger compartment 6 represented diagrammatically in 
dashed line. The cooling loop 4, in which a refrigerant 
fluid (in this example water containing glycol) 
25 circulates, contains a radiator or air heater 8 
traversed by an airflow blown by a blower 10. This 
airflow heats up on passing through the air heater, 
which makes it possible to heat the passenger 
compartment 6 . 

3 0 Given that this heating may not be sufficient 

under certain circumstances, the device provides for a 
second loop, namely a heat -pump loop 14 which carries 



out supplementary heating of the glycol -containing 
water of the cooling loop 4. The heat-pump loop 14 
successively comprises an evaporator 16, a compressor 
18, a condenser 20 and pressure -reducing means 2 2 which 
are interposed between the condenser 20 and the 
evaporator 16. The evaporator 16 constitutes a cold 
source at which the heat -pump loop takes up heat from 
the surroundings . 

In order to enhance the thermal efficiency of 
the heat pump, it is desirable for this exchange to 
take place at as high a temperature as possible. In the 
embodiment example represented, the evaporator 16 
incorporates a heat exchanger 17 between the 
refrigerant fluid of the circuit of the loop 14 and a 
heat -carrying fluid which heats up in contact with an 
external source 23 such as the exhaust pipe or the oil 
circuit of the engine. 

This fluid circulates in a loop 24 under the 
action of a pump 25. A valve 26, mounted in shunt mode 
on the loop 24, and more particularly on the heat 
exchanger 17, makes it possible to regulate the 
quantity of fluid which passes through the evaporator 
16. The valve 26 may especially be a regulated valve or 
a thermostatic valve. Moreover, a valve 27 is placed 
between the valve 26 and the heat exchanger 17. This 
valve makes it possible completely to cut off the 
circulation of the fluid in the heat exchanger 17 of 
the evaporator 16. The valve 27 is open when the valve 
26 is closed, and vice versa. In a variant, the valves 
26 and 27 could be brought together into a three-way 
valve . 
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The compressor 18 may be a variable-displacement 
compressor in which control of the displacement is 
applied internally or externally. 

The condenser 20 constitutes the hot source of 
5 the heat pump. It incorporates a heat exchanger 21 with 
the glycol-containing water of the engine -cooling loop 
4. The condenser 20 is mounted just upstream of the air 
heater 8. The water of the cooling circuit 4 is heated 
up by passing through the condenser 20. It therefore 
10 enters the air heater at a higher temperature, which 
makes it possible to increase the temperature of the 
airflow blown into the passenger compartment 6 and thus 
to contribute supplementary heating as required. 

In the same way as for the evaporator 16, a 
15 valve 30 is mounted in shunt mode on the loop 4 at the 
connections to the condenser 20, and thus to the heat 
exchanger 21, so as to regulate the quantity of heat- 
carrying fluid which passes through the condenser. Like 
the valve 26, the valve 3 0 may especially be a 
2 0 regulated valve or a thermostatic valve. 

Moreover, a valve 31 is placed between the valve 
30 and the heat exchanger 21. This valve makes it 
possible completely to cut off the circulation of the 
fluid in the heat exchanger 21 of the condenser 20. The 
25 valve 31 is open when the valve 30 is closed, and vice 
versa. In a variant, the valves 3 0 and 31 could be 
assembled together into a three-way valve. 

The level of the intake pressure of the 
compressor 18 is very important for the operation of 
30 the heat pump. If too great a quantity of heat is 
applied to the evaporator 16, the intake pressure of 
the compressor 18 will increase, which could lead to 
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operation at a pressure level incompatible with the 
strength characteristics of the compressor. The device 
of the invention makes it possible to regulate the 
intake pressure of the compressor 18 via the control of 
5 the fraction of the fluid which circulates respectively 
in the evaporator 16 and in the shunt controlled by the 
valve 26. By making a small quantity of fluid pass into 
the evaporator, the heat applied, and, consequently, 
the intake pressure of the compressor, are reduced. 
10 Conversely, by making a large quantity of fluid pass 
through the evaporator, the heat applied, and, 
consequently, the intake pressure of the compressor 18, 
are increased. The device of the invention therefore 
provides a simple and effective means for regulating 
15 the intake pressure of the compressor. 

Likewise, if the heating power of the heat pump 
is too high, the throughput of fluid which circulates 
in the evaporator 16 is reduced by further opening the 
valve 26 until the intake pressure of the compressor 
20 reaches the level at which it starts to reduce its 
displacement by itself (internal control) or at which 
the displacement can be controlled from the outside 
(external control) . 

The valve 3 0 makes it possible to enhance the 
25 timing of the heat pump at low level of temperature of 
the water of the cooling loop 4. By opening the valve 
30, the throughput of water in the water/high-pressure 
refrigerant exchanger constituting the condenser 2 0 is 
reduced. With the removal of heat being reduced at the 
3 0 hot source, the temperature of the latter increases and 
the condensation of the refrigerant takes place at a 
higher pressure, which further loads the compressor 18. 
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The engine 2 then has to supply a greater effort, which 
makes it possible to inject more heat energy into the 
water circuit. 

Finally, the heating and/or air-conditioning 
device of the invention includes an air-conditioning 
branch 34. This branch contains a condenser 36, 
pressure- reducing means 38, an evaporator 40, an anti- 
return valve 42 and a refrigerant -fluid accumulator 44. 
At its upstream end, the branch 34 is connected to the 
heat-pump loop 14 downstream of the compressor 18. At 
its downstream end, the branch 34 is connected to the 
heat -pump loop upstream of the compressor 18 and, more 
particularly, to the exchanger 16. The same refrigerant 
fluid circulates in the heat-pump circuit and in the 
branch 34. Switching means, for example a three-way 
valve 48, make it possible for the refrigerant fluid to 
circulate either in the loop 14 or in the branch 34. 
Thus two loops are formed, namely a heat -pump loop and 
an air-conditioning loop, which possess a common part 
in which a common compressor, in particular, is found. 

The device can thus operate according to at 
least three different modes. 

In a first operating mode, the cooling loop 4 is 
sufficient to provide the heating of the passenger 
compartment 6. In this case, the valve 3 0 is fully open 
in such a way that all the glycol -containing water 
circulates exclusively between the engine 2 and the air 
heater 8 . 

In a second operating mode, the cooling loop and 
the heat-pump loop 14 operate simultaneously. The 
three-way valve 4 8 is driven in such a way that the 
refrigerant fluid circulates in the heat -pump loop. The 



valves 26 and 30 are completely or partially closed. 
The refrigerant fluid of the heat -pump circuit takes up 
heat from the surroundings, for example from the 
exhaust pipe 22. This heat, increased by the mechanical 
energy of compression of the fluid, is given up to the 
glycol -containing water of the cooling circuit within 
the condenser 20. The glycol-containing water thus 
enters into the air heater at a higher temperature, 
which makes it possible to increase the temperature of 
the airflow blown into the passenger compartment 6 and 
thus to apply top-up heating. 

In a third operating mode, corresponding to a 
high outside temperature, it is not necessary to heat 
the passenger compartment, but in contrast to cool it. 
In this third operating mode, only the air-conditioning 
loop is operating. The three-way valve 48 is driven in 
such a way that the refrigerant fluid circulates in the 
air-conditioning loop. The valves 2 6 and 3 0 are open. 
Thus, the air-conditioning loop makes it possible, 
conventionally, to send into the passenger compartment 
6 an airflow set into motion by the blower 10, which is 
common to the branch 34 and to the branch 4, and cooled 
by passing through the evaporator 40. 

Optionally, the valve 30 may be closed and the 
valve 31 open. The circulation of the water in the 
exchanger 21 of the condenser 2 0 has no impact on 
performance and makes it possible to purge the 
refrigerant fluid and to drive it towards the air- 
conditioning loop . 

A variant embodiment of the device of Figure 1 
has been represented in Figure 2. This variant is 
distinguished by the fact that the cold source of the 
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heat pump, namely the evaporator 16, takes up heat from 
the cooling loop 4 of the engine 2. To that end, the 
loop 4 passes through the evaporator 16 in such a way 
as to constitute a low-pressure heat exchanger between 
the fluid of the loop 4 and the refrigerant fluid of 
the heat-pump loop 14. A valve 26 is mounted in shunt 
mode at the connections to the evaporator 16, and a 
valve 27 is also provided, analogous to that of Figure 
1. In the embodiment of Figure 1, the temperature of 
the water is increased at the outlet from the air 
heater, and consequently at the inlet to the engine. 
That leads to a reduction in the quantity of heat 
extracted from the engine. 

By integrating the evaporator into the engine - 
cooling loop, downstream of the air heater 8, the water 
of the cooling circuit is cooled before penetrating 
into the engine, which makes it possible to increase 
the quantity of heat extracted from the engine. Another 
difference consists in the fact that the accumulator, 
separated in the embodiment of Figure 1, is integrated 
into the evaporator 16. Thus a reserve of refrigerant 
fluid is constituted, common to the heat-pump loop and 
to the air-conditioning loop. The operation of the 
valves 26 and 27, as well as that of the valves 30 and 
31, is identical to what was described by reference to 
Figure 1. The valve 26 allows regulation of the intake 
pressure of the compressor 18, as well as the 
regulation of the power of the heat pump. The valve 30 
makes it possible to facilitate priming of the heat 
pump at very low temperature. In the same way as in the 
embodiment of Figure 1, the valves 2 7 and 31 are open 
when the valves 2 6 and 3 0 are closed, and vice versa. 
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A second embodiment of the invention has been 
represented in Figure 3, comprising a modular casing 
52. The volume internal to the casing 52 is separated 
into two by an internal partition 54 which defines two 
chambers, namely, respectively, a chamber 16 which 
plays the role of evaporator and a chamber 2 0 which 
plays the role of condenser. After the air heater 8, 
the cooling loop 4 passes through the chamber 16 before 
coming back to the engine. At the outlet from the 
engine, the loop 4 passes through the condenser chamber 
20. The valves 26 and 27 are housed within the chamber 
16 and the valves 3 0 and 31 within the chamber 20. The 
ant i -return valve 42 is contained in the chamber 16 and 
the three-way valve 48 in the chamber 20. When it 
passes from the condenser to the evaporator, the 
refrigerant fluid of the heat-pump loop passes through 
pressure- reducing means 22 integrated into one or other 
of the two chambers . 

The modular casing 52 constitutes an assembly 
which contains all the elements necessary to produce 
the top-up heating circuit. To install it, it is 
sufficient to provide the necessary connections. The 
other elements of the heating device, in particular the 
condenser and the evaporator of the air-conditioning 
circuit, as well as the air heater, are conventional. 
They consequently do not require any modification. 



